Using an augmented profit function framework designed to account for externalities related to chemical use in agriculture, this paper explains the chemical use choices of farmers in an urban fringe farming environment. It further estimates empirical logit models of reduced insecticide, fungicide, herbicide, and fertilizer usage. Results suggest that farmers who perceive their regulatory environment to be strict, who have experienced right-to-farm conflicts, and who have farms larger in size are more likely to reduce their chemical use over time, vis-à-vis other farmers. The results also suggest the importance of other farm structural and business climate factors in determining chemical use reduction choices.
sarcoma, Blue Baby Syndrome from nitrates, and other diseases (Blair et al. 1992 , Blair and Zahn 1995 , Knobeloch et al. 2000 . Such exposure may also lead to detrimental effects on unborn fetuses and damage to nervous and immune systems (Van Driesche at al. 1987) . The growing concern about the impact of farmers' chemical use on the health of workers and the general population has led to increasing regulation of farming and the preclusion by law of some normal farming practices (Bosch, Cook, and Fuglie 1995 , Adelaja and Friedman 1999 , Henderson 2003 . Neighbor concerns have also led to right-to-farm conflicts, especially at the urban fringe where non-farmers and farmers must coexist in close proximity (Adelaja and Friedman 1999) .
The growing concerns about chemical use on farms have also raised significant policy questions at the national and state levels about the external costs associated with farming and the sustainability of agriculture. From an agricultural policy perspective, these concerns are difficult to balance against the economic needs of agriculture. Leaders of the farm community, the environmental community, and policymakers are exploring new ways of balancing the needs of farmers with those of the non-farm public. This balance is obviously a delicate one due to the economic, social, environmental, and political dimensions of the agricultural chemical issue.
Many states have introduced Agricultural Management Practices (AMP) or Best Management Practices (BMP) as part of their right-to-farm provisions, their farmland preservation provisions, or their requirements for technical and economic assistance to farmers. For example, in the case of New Jersey, AMPs are a condition for qualifying for the protections offered through the state's right-to-farm legislation, amended in 1998 (New Jersey Statutes Annotated 1998). Offering farmers the opportunity to gain certain benefits by complying with better environmental management practices suggests that policymakers perceive a trade-off between economic performance and environmental performance. However, the lack of concrete scientific evidence of such a trade-off is a hindrance to the development of effective public policies.
At the farm level, chemical usage has direct implications for enhanced productivity and profitability. However, excessive or inappropriate usage may imply not only unnecessary production cost, but also some hazards to farmers themselves. Excessive and inappropriate use of chemicals can also cause negative externalities to farm neighbors (David 2004, Akca, Sayili, and Kurunc 2005) , which causes costly nuisance complaints (Dunlap and Beus 1992, Bricker et al. 2004) . Such complaints impose legal-and compliancerelated costs on agriculture (Adelaja and Friedman 1999) . Reducing chemical inputs and seeking new optimal ways to enhance production could reduce external disutilities to non-farmers and make farming more acceptable and sustainable at the urban fringe. For example, a study that evaluated consumers' risk regarding agricultural pesticide residue found that suburban households are more risk-averse toward pesticide residues than are rural households (Govindasamy, Italia, and Adelaja 1998) .
Concern about such pesticide residues among consumers could also manifest itself as either increased demand for reduced-chemical agriculture products, or as decreased demand for conventional agricultural products (Weaver, Evans, and Luloff 1992 , Park and Lohr 1996 , Thomson 1998 , Padel 2001 , Rigby and Caceres 2001 . Hence, there is a connection between chemical use, product price, farm profitability, and long-term sustainability of agriculture (Pacini et al. 2002) . In other words, farmers must also be concerned about the market implications of chemical use.
As economic agents, farmers must factor chemical concerns into their decision making process. The right-to-farm regulation and market challenges that could come with excessive chemical use suggests that in addition to typical production costs, farmers must also contend with external costs related to chemicals and the market effects of chemical use. In other words, optimization must imply consideration of costs related to regulation and right-to-farm conflicts, and of the likelihood that neighbors will complain about chemicals, that regulators will penalize them, and that consumers may respond non-favorably.
Many farmers at the urban fringe are already responding to consumers and their neighbors by moving toward alternative farming practices, such as Integrated Pest Management (IPM), Low-Input Sustainable Agriculture (LISA), and organic farming (Govindasamy, Italia, and Adelaja 1998) . In New Jersey, for example, 16 percent of the farmers surveyed (as part of the New Jersey FARMS Commission evaluation of agriculture) used con-ventional methods combined with either IPM or organic practices, 9 percent were fully organic, and 15 percent could be characterized as lowinput. The remaining 60 percent were either fully conventional or did not know how to classify themselves. The growing consideration of sustainable farming practices may reflect, in part, a reaction to the backlash from chemical use through neighbor complaints, regulations, rightto-farm conflicts, and market effects.
Several studies have looked at the effects of chemical use on farm performance. Some of these compared the profitability of organic farms and conventional farms. For example, Rendleman (1991) showed that when farms convert to practices involving reduced chemical use, often gross farm income rises but net farm income falls due to rising costs. Painter and Young (1995) , who compared conventional cropping systems in southeastern Washington with several alternative systems, also found that some alternative systems had higher net income than even the most profitable conventional systems, while averaging just one-third the soil loss per year. Other studies have suggested that the adoption of organic farming would result in decreased yields, decreased aggregate output, reduced costs, large increases in consumer prices, and increased farm income (Lee 1992) . Offermann and Nieberg (2000) similarly compared the performance of conventional and organic farms and found that organic farms have lower yields, higher output prices, and lower costs. Other studies have also argued that reduced chemical use can result in increased output variability and market risk (Serra et al. 2006) . It is therefore apparent that there is no real consensus yet as to how chemical reduction affects the profitability of farms, or the nature of the trade-offs or motivations involved in reduced chemical use.
Understanding the trade-off between chemical use and profitability is important to policymakers, farmers, environmentalists, and producers of agricultural chemicals. While these trade-offs are still not very clear, it is possible to gain better understanding of why and how farmers use chemicals and the factors that have led them to reduce their chemical usage over time. Of particular importance is information on how chemical use choices are affected by the regulatory climate, by right-to-farm conflicts arising at the urban fringe, by profitability, and by other factors at the urban fringe that hinder normal farming activities. Policymakers can use such information in designing an incentive system for the adoption of sustainable agricultural practices. Similarly, the information can be useful to chemical producers in targeting their products toward specific farmers.
The objective of this paper is to investigate the economic, socio-demographic, regulatory, and attitudinal factors that contribute to the adoption of reduced use of on-farm chemicals in order to better understand how farmers are responding to growing pressures. The paper conceptualizes the demand for chemicals, primarily focusing on the urban fringe. By incorporating into the profit function of a farm elements of external costs, such as costs associated with regulation and rightto-farm conflict, this paper estimates empirical logit models for reduced insecticides, fungicides, herbicides, and fertilizer use in an urban fringe environment. A unique database based on a survey of New Jersey farmers provided the source of data for this analysis.
Conceptual Framework
A farmer's production function is used as the starting point for developing a conceptual model of the use of chemical inputs on farms. Following Adelaja, Miller, and Taslim (1998) , a farmer produces an agricultural product according to the following production function:
(1) ( ; )
where q i is the quantity produced by the ith farmer, and θ i represents the technological or structural parameter of the ith farmer. For instance, farm technology (which can shift the input-output relationship) or farm size (which can shift the proportional relationship among inputs) are factors captured by θ i . Two of the fundamental determinants of farm behavior are the state of technology and the structure of the farm. In the short run, a farmer cannot produce more than is allowed by existing technology and structure. In equation (1) The urban environment invokes additional considerations and possibly additional costs due to the close interaction between farmers and their neighbors and due to local regulation. In other words, in the non-urban environment, where farmers are neighbors with other farmers, the likelihood of right-to-farm conflicts with neighbors will be minimized as farmers represent a more powerful influence block in the community (Lopez, Adelaja, and Andrews 1988) . In the urban fringe environment, however, where farmers are more likely to have non-farm neighbors, chemical use potentially imposes costs related to conflicts with neighbors and regulation (Adelaja and Friedman 1999) .
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2 c i = 0. Denote, therefore, the total expected external costs to be borne by farmers by α (βc), where α is the expected proportion of the full external cost to society imposed on the farmer via regulation, via the effects of right-to-farm conflicts, and via other policy-induced costs such as fines, fees, and shutdowns. At the urban fringe, we hypothesize that α is more likely to approach one, and at locations away from the urban fringe, that α is likely to approach zero.
The expected external cost expression above accounts for the fact that farmers anticipate some direct and indirect costs from chemical use. These costs range from costs of compliance with regulation, costs associated with complaints by nonfarm neighbors, costs of dealing with nuisance suits, etc. That is, while chemical use increases farm productivity, it can also increase indirect production expenses. Farmers must, therefore, choose an optimal level of chemical use consistent with profit maximization, which depends not only on expectations about β, but also on expectations about α, α∈(0, 1). When α = 0, farmers expect the regulatory climate and farming environment to be such that they have full property rights or carte blanche and will not be required to bear any of the external costs. When α = 1, farmers expect to fully bear the external costs. The level of α therefore is related to a whole series of factors, including farmers' understanding of and expectations about the right to farm, the political clout of the farm population, how favorable the farming environment is to farmers, and the nature of the externalities generated from chemical use.
The profit-maximizing farm's decision becomes one of choosing values of the inputs in vector x:
, φ is the implicit rental value of capital (including farmland), ρ is the wage rate of hired labor, τ is the price per pound of chemical inputs, and λ is the price of miscellaneous inputs. The first-order condition for profit maximization is as follows:
These conditions suggest that a profit-maximizing farm will utilize any input up to the point at which its marginal contribution to revenues is equal to its marginal cost. The farm's demand for a specific input, therefore, depends on how productive that input is in terms of quantity produced and on how employing the input affects costs.
Chemical use reduction being the focus of this paper, it is useful to focus on the optimization problem for chemical use [equation (5)]. In the case of chemicals, additional costs over and above the direct input costs are expected to arise from regulation and externalities generated at the urban fringe. In equation (5), since αβ is not known for certain and probably varies by farmer, there are uncertainties associated with απ/αc. Farmers will decide how much to produce based on their expectation of α and β. Since α and β are expected values, they depend on farmers' risk attitude and exposure. In other words, the values of α and β depend on past experiences ( α and β ), which are mean historical α and β, as well as the variances of α and β ( 2 α σ and 2 β σ ). Therefore, α and β are related to the history of right-to-farm, farmers' political clout, the general farming environment, the degree of chemical use, and therefore the degree of externality.
The conditions in expressions (3) through (6) can be solved for the optimal input combination of capital (k*), labor (l*), chemicals (c*), and miscellaneous inputs (r*) as functions of the parameters p, φ, ρ, τ, λ, θ, α, β, and m : Note that ∂c*/∂α < 0, suggesting that as the regulatory climate is perceived to be more stringent, chemical use diminishes (ceteris paribus). Also note that ∂c*/∂β < 0, suggesting that as the production process is perceived to generate more pollution damage per unit, less chemicals will be used (ceteris paribus). The optimal quantity of inputs demanded by the farmer can then be substituted into the production function to derive the optimal quantity produced:
(11) * *( *, *, *, *; )k l c r m = θ .
The implicit function in (9) suggests that the amount of chemicals a farmer uses depends on the following: product price (p), the implicit rental value of capital (φ), the wage rate (ρ) of hired labor, the price per pound of chemical inputs (τ), the price of miscellaneous inputs (λ), and the anticipated regulatory-and conflict-related costs associated with the farming environment (which are affected by history of right-tofarm conflicts, political clout of the farm population, degree of chemical use and externalities, etc). These relationships are subject to technological/structural constraints (size, profitability, regional factors, etc.) and limitations in management capability (education, age, experience, etc.). If output and input prices are held constant, which is the case in the short run or with cross-section data, then chemical use becomes dependent on management capability, technology, structural factors, perceived regulatory climate, expected external costs associated with chemical use, and other farm and farmer characteristics. The empirical goal of this paper is to see how these factors affect chemical use reductions.
Data, Econometric Models, and Estimation
The dependent variables of interest are the levels of chemical use. Given the purpose of this analysis, it is useful to obtain such information by type of chemical. Farm-level data on specific chemicals is hard to find in conjunction with farm structural, regulatory, and operator characteristics. This necessitated the use of the only existing comprehensive data available in an intensively urban farming environment-data that unfortunately are not recent. The data was based on the Survey of New Jersey Farms (FARMS), a unique survey conducted in 1994 (Adelaja 1995) . The FARMS survey involved a re-survey of 216 farmers that had previously participated in the Farm Costs and Returns Survey (FCRS) conducted by the National Agricultural Statistics Service (NASS). U.S. Department of Agriculture and congressional approval was required in order to re-survey these farms and to use the farm cost and returns survey.
The FCRS provides information about aggregate farm expenses and incomes, as well as more detailed information about input use (by commodity category), revenues (by product category), cash expenses, and field operations. For example, information on seed, fertilizer, hired labor, contract labor, family labor, machinery used (by commodity), and machinery operating costs was available. Complete information was available for 206 of the farmers surveyed. The permission granted by the U.S. Congress and NASS allowed the FCRS data to be combined with the FARMS survey data. The combined database was the data source for this study.
In addition to usual data through FCRS, the FARMS survey provided information on chemical use, the structure and location of farms, socioeconomic and socio-demographic characteristics, and opinions and attitudes about regulatory, taxation, business climate, land use, marketing, farmland retention, production system, and public policy issues. The FARMS survey also provided information on the extent to which farmers faced right-to-farm conflicts; their perception about land, water, soil, and other regulations; and where in the state they are located. The information on right-to-farm conflicts and farmers' perception about the regulatory climate reflects not only the intensity of conflicts faced by farmers, but also the perceptions about the friendliness of the local environment in which farmers operate.
One of the survey questions asks farmers how their use of chemicals per acre has changed over the previous five years with regard to insecticides, fungicides, herbicides, and fertilizer. The response categories for each of the four chemicals were as follows: 1 = increased, 2 = stayed the same, 3 = decreased, and 4 = do not use. Table 1 provides the distribution of responses to questions about the four chemical types. These responses served as the basis for constructing the dependent variables in this analysis as binary variables, i.e., if a farmer has decreased his/her use of chemicals over the preceding five years, then the choice variable takes on the value of one; otherwise, no decrease and an increase in chemicals takes a value of zero.
Based on the categories of causal factors hypothesized from equation (9) and information available from the data source, the following proxies for the hypothesized determinants of farm chemical usage were identified: (i) farm size, (ii) farm profitability, (iii) primary farming activity, (iv) location or region of the farm, (v) ownership structure, (vi) changes in land use, (vii) regulatory climate, (viii) conflicts with neighbors, (ix) farmer socio-economic and socio-demographic characteristics (e.g., age, farming experience, management capability, and education), (x) degree of innovation and production efficiency, and (xi) exposure to crop and livestock damage. The expected effects of these variables can be deduced from the signs of ∂c*/∂α (< 0) and ∂c*/∂β (< 0). Since α is the farmer's perception of how much he or she will be required to internalize the external costs, the higher the value of α, the less the use of a given chemical. Similarly, since β is the farmer's perceived per unit cost of addressing externalities, the higher this perceived cost, the lower the level of chemical use.
Farm size can influence adoption of technology and farmer behavior (Feder 1980) . Similarly, it is our a priori expectation that farmers who operate larger or more profitable farms, vis-à-vis other farmers, may perceive higher externality costs from their large-scale chemical use and higher regulatory risks that could internalize these costs (α and β), and, therefore, may use less chemicals. Conceivably, small farms may lack the managerial capability and efficiency needed to be optimal in chemical use, or may be less knowledgeable about how to minimize chemical use; or, their activities could be less pronounced. Therefore, such farmers would be expected to use more chemicals.
A more profitable farm is expected to have greater managerial ability and to exhibit greater efficiency and greater cost consciousness (including expected externalities-related regulatory costs), and is thereby expected to be more capable of reducing chemical use. It is therefore our a priori expectation that farmers with higher profit per acre would reduce their chemical use due to perceived higher α and β.
With respect to primary farming activity, chemical needs and utilization should differ for various types of crops. Farmers who grow different products face different challenges in their cultivation practices. For example, the needs of nurseries should differ from those of field crop producers. Regional differences in farming practices should also imply differences in chemical use. New Jersey is a diverse state, containing areas ranging from very urban to very rural. Farms in different areas may face different business circumstances, soil types, external pressures from neighbors to be environmentally considerate, or expected regulatory implications of their chemical use. For example, farmers in the more urbanized counties could conceivably have reduced chemical use more significantly due to the pressure from non-farm neighbors. Hence, location and regional differences are expected in the patterns of chemical dependence and reduction, based on the perceived levels of α and β. No a priori expectations about the signs of regional variables were formed, except for the fact that regions with more stringent regulatory environments were more likely to reduce chemical use.
Owner-operators are expected to be more conservative in chemical use than renters because they would expect a larger long-term cost implication of non-compatibility with their neighbors (see Nkamleu and Adesina 2000) . They could also be more sensitive to other long-term cost implications of their externalities and the potential regulatory backlashes. It is, therefore, our a priori expectation that farmers who own their land have a higher perception of α and β, and are often interested in conservation of their land, and, hence, have lower chemical use. A more stringent regulatory environment should automatically imply a higher level of α, but the type of regulation could mean a lower or higher level of β, depending on whether it is designed to work in tandem with other incentives that could be cost-saving for farmers (e.g., BMP versus a fine).
Farmers are likely to be more cautious in their use of chemicals when their neighbors have previously challenged them or engaged them in conflicts, which often tend to be expensive. We, therefore, expect that the perception about α and β by a farmer who has faced conflicts will be higher than that of a farmer who has not faced such challenges. Our a priori expectation is, therefore, that conflict with neighbors induces farmers to reduce their chemical use. Even though it goes beyond the scope of the current paper, we recognize a possible relationship: that responsible chemical use itself could reduce the likelihood of conflicts, or that excessive chemical use can trigger conflicts. For instance, Duke and Malcolm (2003) provide extensive discussion about such endogenous threat effects. Given the cross-section nature of the data, a rigorous test of causality and endogeneity was not possible. Education and experience in farming are likely to influence chemical use (Nkamleu and Adesina 2000) . It is our a priori expectation that better educated and more experienced managers will perceive higher α and β, vis-à-vis others, and, therefore, will utilize less chemicals. Educated and experienced managers are less likely to perceive that they have carte blanche and are expected to be better exposed to rules and regulations, neighbors concerns, and the penalties associated with non-con-formity. They are also likely to have been more exposed to extension programs related to right-tofarm, conflict management, and the potential of the non-farm public to find excessive chemical use to be irksome. Farmers with more education are also potentially more knowledgeable about alternative farming practices, and, therefore, are more likely to reduce chemical use.
Farmers with more experience may have a higher level of management skills necessary to adopt chemical-reducing practices. Older farmers may be more entrenched in their farming practices and, therefore, less likely to reduce chemical use. On the other hand, older farmers generally have more experience, and may be more able to reduce chemical use, especially if they have a higher level of management skills.
Since chemicals are costly, an innovative farmer would be expected to keep chemical use as low as possible and probably use other means to achieve profitability. The perception of α and β could also be high due to better understanding of their farming environment.
Farmers facing severe wildlife damage are expected to try to boost productivity by using more chemicals. If the damage from deer significantly outweighs potential perceived costs of α and β, more chemicals could still be applied. Neighbors in areas exhibiting severe wildlife presence may also be more tolerant to chemical use, as their preoccupation with wildlife may help reduce their focus on farming activities.
To test the hypotheses above, variables from both FCRS and FARMS were included as exogenous variables in a logit chemical use reduction model. Gross farm income (IGFI), which is a measure of the sales volume, is used as a proxy for farm size. Net income per acre (PROFIT) is used to proxy farm profitability. Five dummy variables were constructed and used as indicators of primary crop produced or commodity group effects. These include nursery crops (DNURSE), vegetable crops (DVEG), dairy farms (DDAIRY), growers of fruit or berry (DFRUIT), and poultry, livestock, and horse farms (DANIMAL). The base category is cash grain and field crops.
Regional dummy variables were constructed for central (REG1), northern (REG2), and northeast New Jersey (REG3). The base region is southern New Jersey. The southern region (Camden, Gloucester, Atlantic, Salem, Cumberland, and Cape May counties) is relatively rural and agricultural, although Camden County, which is adjacent to Philadelphia, is relatively urban and suburban. The central region (Middlesex, Mercer, Monmouth, Ocean, and Burlington counties) is mostly suburban in nature, with some rural/agricultural areas. The northern region (Morris, Sussex, Warren, Hunterdon, and Somerset counties) is also a mixture of suburban and rural areas. The northeast region (Bergen, Hudson, Passaic, Essex, and Union counties) is highly populated, considered the suburbs of New York City, and is extremely suburban mixed with urban areas such as Newark.
An additional dummy variable is introduced to capture the Pinelands, which is governed by specific regulations related to agricultural production designed to preserve its natural resource base and to enhance environmental quality. Within the Pinelands area, limits are set on specific chemical use and on such activities as spraying. Located in the southern part of New Jersey, the Pinelands occupies 22 percent of New Jersey's total land base. Under the Pinelands Comprehensive Management Plan, the Pinelands Commission regulates all land use in the Pinelands. Farms located in the Pinelands are expected to be more conservative in their use of chemicals due to their perception of regulations in the region. A dummy variable was constructed for farmers located within the Pinelands (DPINE). Information was available from the data on farmer attitudes and impressions.
The percentage of total acreage operated that the farmer owns (ACOWNPCT) is used as a proxy for ownership. Dummy variables indicating farmers who have increased their productive acreage (DINCAC) and farmers who have decreased their acreage (DDECAC) are used as proxies for changes in land use and farm size. Surveyed farmers were asked if they have increased production without farming additional land through various techniques such as double cropping, improved irrigation systems, improved fertilizer and herbicide management, etc. Such data is used as the basis for determining land use change.
To capture the regulatory environment, four attitudinal indices showing whether farmers feel that regulations in New Jersey have had negative financial effects on their operations were constructed. The regulatory index (REGFIN) is a summary index that measures the financial effect that farmers felt regulations have had on their farm operation. REGFIN includes effects from all regulations, including local zoning, water use, waste disposal, taxes, and more. The variables REG-WATER, REGSOIL, and REGLAND are similar measures of the financial effect of regulation with regard to water use, soil conservation, and land use, respectively.
To capture the effects of conflicts with neighbors, a dummy variable indicating whether or not a farm has experienced right-to-farm conflicts with nearby residents (DRTFCON) is used as a proxy for conflicts with neighbors. Based on survey responses, farmers who indicated experience of right-to-farm conflicts with nearby residents are coded one; if they did not, the data is coded zero. This provided the basis to identify the effect of right-to-farm conflicts on chemical use decisions.
To capture the effects of socio-demographic factors on chemical use choices, operator age (OPERAGE), experience (EXPER), and education (OPEDUC) are included. An innovation variable (INNOV) is also constructed and included to test the effects on chemical use. Similarly, a variable constructed to measure how extensively a farmer uses various information sources (INFOIND) such as other farmers, the Farm Bureau, extension resources, the New Jersey Department of Agriculture, and the U.S. Department of Agriculture is included. Given the severe deer damage problems faced by New Jersey farmers, the cost that a farmer incurs to reduce deer and wild animal damage (DAMCOST) is used as a proxy for prior wildlife damage exposure.
On the basis of equation (11) and the discussion above, the following models were estimated. For each chemical use reduction dependent variable (C i ) and a set of independent variables (x ji ), logit econometric specifications are used. For the logit econometric specifications, the functional form of the model can be given as (1 ) ln(1 exp( )).
Therefore, each logit specification for chemical use reduction is estimated by a maximum likelihood procedure that generates estimator values by maximizing the log-likelihood function in equation (13), i.e.,
The dependent variables for the four logit models are FERT, INSECT, FUNG, and HERB for fertilizer, insecticide, fungicide, and herbicide uses, respectively. For expediency, each chemical use equation is estimated independently.
Empirical Results
The estimated coefficients for the four logit model estimations are reported in Table 2 . Estimated R 2 's range from 0.29 for the insecticide equation to 0.48 for the fungicide equation.
Fertilizer Utilization
The McFadden R 2 statistic for the fertilizer equation is 0.37. The coefficient for DINCAC is significant at the α = .10 level. The finding that farmers who increased their acreage experienced reduced fertilizer use per acre indicates that larger or growing farms are better able to reduce their reliance on fertilizer. The use of fertilizer and the associated externality costs are also likely to be noticed by the public, with potential long-term regulatory risks and anticipated pollution-related costs. Therefore, farms that are increasing in size seem to be sensitive to the extent of their fertilizer input use.
The coefficient for DRTFCON is significant at the α= .05 level and, as expected, the sign is consistent with a priori expectations. That is, conflicts from nearby residents induce farmers to reduce fertilizer use. Such conflicts are costly and tend to reduce the viability of farms. Possibly, farmers are reducing chemical use in reaction to these conflicts in order to enhance their sustainability. A single asterisk (*) indicates that the coefficient is significant at the α = .05 level. A double asterisk (**) indicates that the coefficient is significant at the α = .10 level.
The coefficient of REGFIN is significant at the α = .05 level and positive. This suggests that farmers who feel that regulations have had negative financial effects on their operations tend to intensify fertilizer use, possibly in an attempt to raise productivity, and hence, to recapture lost profits. As indicated above, the expected sign of REGFIN depended on the type of regulation. As Table 2 shows, the marginal effects on the probability of increasing fertilizer use are all zero, except for the marginal effects associated with nursery farms (DNURSE). The marginal probabil-ity for DNURSE is so high because of the 39 nursery farms in the data set, 100 percent have either increased or not changed their fertilizer application over the past year. The insignificance of DAMCOST suggests that farmers do not increase fertilizer use in order to make up for lost production from wildlife damage.
The fact that fewer variables are significant in the fertilizer model compared to the other three chemical use models may suggest a structural difference in fertilizer use demand. Fertilizer use is correlated with yield and production. While the other chemicals are also related to yield, they also tend to be utilized on demand when a problem arises. Farm characteristics, farmer socio-demographic and attitudinal characteristics, and other non-market factors seem to play less of a role in determining fertilizer use. One would expect input prices and other pecuniary factors to play a more prominent role in fertilize use.
Insecticide Utilization
The McFadden R 2 statistic for the insecticide equation is 0.29. The coefficient of IGFI is statistically significant at the α = .05 level and negative, again suggesting that larger farms exhibit greater likelihood of reducing insecticide use than do smaller farms. This may reflect the need of large farms to be more chemically conservative because the cost implications of excessive chemical use are more significant for them. It is also consistent with the notion that larger farms at the urban fringe must be more cautious because they are more noticeable and can easily draw the attention of their neighbors.
Nursery farms (DNURSE) and vegetable farms (DVEG) exhibit a greater likelihood of increasing insecticide use relative to field crop farms. This is consistent with the notion that these higher value crops are more reliant on chemicals because the potential loss due to low productivity is far greater than with lower value crops.
The coefficient of DRTFCON is statistically significant at the α = .10 level and is negative, suggesting that conflicts from nearby residents induce farmers to reduce insecticide use. This finding further suggests that while these conflicts are costly, they have the tendency to mitigate the adverse environmental impacts of farming. Finally, the coefficient of REGWATR is statistically significant at the α = .05 level and negative, suggesting that farmers who feel that they are constrained by water use regulations are more likely to have decreased their use of insecticides. In other words, farmers who are reducing water use may be forced to reduce insecticide use to maintain the insecticide/water concentration. The insignificance of DAMCOST suggests that farmers do not increase insecticide use in order to make up for lost production from wildlife damage.
Fungicide Utilization
The McFadden R 2 statistic for the fungicide equation is 0.48. The results are similar to those of the insecticide model. The coefficient of PRO-FIT is negative and statistically significant at the α = .10 level, suggesting that farms that are more profitable have been more successful at reducing their use of fungicides. Consistent with the insecticide model, the coefficients of DNURSE and DVEG are statistically significant and positive. The coefficient of REG1 is positive and statistically significant at the α = .10 level, suggesting that farms in central New Jersey are more likely to have increased their use of fungicides, relative to farms in southern New Jersey, ceteris paribus. This area of New Jersey also tends to be more greenhouse-, nursery-, and vegetable-intensive and has moved rapidly toward high-value agriculture. The coefficient for DINCAC is negative and statistically significant at the α = .05 level. This suggests that farms that are increasing in size are more likely to have reduced fungicide use. This result is similar to the finding for the fertilizer demand model.
The coefficient of DRTFCON is statistically significant and negative, again suggesting the effects of right-to-farm conflicts on the environment. The coefficient of REGWATR is statistically significant at the α = .05 level and negative, suggesting fungicide effects of concern about water regulation. Finally, the coefficient of REGSOIL is significant at the α = .10 level and positive. Farmers who feel that land use regulations have had adverse financial effects on their operations appear to have attempted to make up for the loss by increasing fungicide use. The insignificance of DAMCOST suggests that farmers do not increase fungicide use in order to make up for lost production from wildlife damage. 
Herbicide Utilization

Summary and Conclusions
On-farm chemical use is an important issue, especially at the urban fringe, where non-farmers are increasingly locating closer to existing farms. Considering the potential problems and costs associated with right-to-farm conflicts and regulation in environments where non-farmer neighbors are more likely to complain, urban fringe farmers are expected to be under pressure to manage their use of chemicals to levels that minimize adverse actions by neighbors while optimizing productivity.
It is shown that chemical use decisions are consistent across chemical types, except in the case of fertilizer. Fertilizer use may be more dependent on market factors than on non-market factors, probably because yield is more correlated with fertilizer use than with other chemicals.
This analysis suggests that while regulatory factors do contribute to changes in chemical use, there also are other factors that influence changes in chemical use that are inherent in farmers and in farms. For example, it is found that profitable farms are more conservative in fungicide and herbicide use and that better educated farmers and those using available information sources are more conservative in chemical use. An important implication of this is that farmer education may be a more relevant tool in promoting less chemical-intensive farming. The impact of regulation is not clear, but appears to depend largely on the type of regulation.
Perhaps the most significant finding in this paper is that farmers who are experiencing conflicts with their neighbors are more likely to have reduced chemical use. That is, not only do right-tofarm conflicts reduce farm viability, but they induce farmers to reduce chemical use as well. The right-to-farm laws on the books in most states may help to temper some of the reductions in farm viability due to right-to-farm conflicts. The trade-off between farm viability and environmental quality is one that policy must obviously be careful to balance at the urban fringe.
The finding that farms with higher gross farm income are more likely to be decreasing their chemical use (relative to farms with lower gross farm income) suggests that larger farms find it easier to conserve chemicals. It may also suggest that excessive chemical use by these farms is more noticeable by their neighbors. This may also imply, however, that minimizing chemical use requires a higher level of management skills, which small-scale farmers typically lack.
Farming at the urban fringe is moving away from large commercial farms toward small, "gentleman" farms (Daniels 1986) . It is also moving away from field crops toward chemically dependent, high-value vegetable and nursery crops. In fact, state agricultural economic development policies at the urban fringe have emphasized moving farmers toward high-value intensive agriculture, which also tends to be more chemically dependent. This suggests that a major challenge at the urban fringe may well be in balancing profitability with other non-economic sustainability considerations.
